The antibacterial properties of tuftsin and its 11 analogs on 20 bacterial strains were investigated. Tuftsin showed a definite antibacterial effect at a minimal effective concentration of 62.5 ,ug/ml. All analogs were either less effective or lacked any activity. The bacteria used included some highly pathogenic organisms.
basis of its ability to stimulate the phagocytic activity of polymorphonuclear granulocytes and macrophages. The broad spectrum of the biological activities of tuftsin has been presented in several communications (5, 10, (12) (13) (14) 17) . Besides phagocytosis stimulation, other activities include stimulation of (i) motility of granulocytes, (ii) humoral antibody formation, and (iii) tumoricidal activity of phagocytic cells as well as bacterial killing properties. It also exhibits analgesic properties.
In this communication, we reported an investigation of the antibacterial activities of tuftsin and its analogs that were modified in position 3 of the peptide chain: Thr-Lys-HisArg, Thr-Lys-Gly-Arg, Thr-Lys-Ser-Arg, Thr-Lys-Phe-Arg, Thr-Lys-Asp-Arg, Thr-Lys-Ile-Arg, Thr-Lys-Sar-Arg, ThrLys-Tyr-Arg, Thr-Lys-Thr-Arg, Thr-Lys-Arg-Arg, and ThrLys-Gln-Arg (Table 1) .
We have shown earlier (7, 8) that most of these tetrapeptides stimulated phagocytosis to a high degree. In particular
[Thr3]tuftsin (7) and [Arg3]tuftsin (8) displayed activities comparable to that of tuftsin (7, 8) . Martinez et al. (10) have reported that macrophages incubated in the presence of tuftsin exhibit bactericidal activity on several bacteria, including Listeria monocytogenes. It is to be noted that tuftsin and its analogs used here possess strongly basic characters. In this connection, it is known that basic peptides such as diand tripeptide derivatives of L-lysine (2, 4) , L-ornithine (1), and the pentapeptide Lys-Lys-Thr-Lys-D-Leu and its Ndecanoyl derivative (9) show very strong activities against various bacterial species. On this basis, our objective was to ascertain whether tuftsin and its analogs could display any antibacterial activity directly in bacteria cultures.
MATERIALS AND METHODS
All tetrapeptides were synthesized as previously reported (6) (7) (8) nas aeruginosa WSRO 109, Bortedella bronchoseptica NCTC 8344, and Serratia marcescens PCM 501. The culture medium was a ready-to-use Difco broth. Preparation of the culture medium was carried out as described before (2, 4) .
The antibacterial activities of tuftsin and its 11 analogs were assessed by a standard dilution method in an appropriate test medium. The initial concentration of standard solution in water was 10 mg/ml. The concentrations of working solutions prepared in the test media were 1,000, 500, 250, 125, 62.5, 31.25, 15.6, and 3.9 p,g/ml. To the geometrical series of the solutions, 1 ml of each standardized suspension of microorganisms was added. Samples with bacteria were incubated for 24 h at 37°C. After incubation, the minimal inhibitory concentrations (MICs) were determined in terms of concentration of the compound at which the sample became turbid. For each compound and microorganism, three series of determinations were run (Table 1) .
RESULTS AND DISCUSSION
It is clear from the data shown in Table 1 that tuftsin possesses the strongest antibacterial activity of all the analogs tested. Thus, tuftsin inhibited the growth of eight grampositive bacteria. More specifically, Micrococcus glutamicus IAW 26 and Staphylococcus aureus IW 35 strain 209 P were inhibited by a concentration of 62.5 ,ug/ml (0.12 ,umol/ ml), whereas the remaining ones were inhibited by a concentration of 125 ,ug/ml (0.24 to 0.96 ixmol/ml). Of From the data presented above, it is difficult to draw a meaningful correlation between the antibacterial activity of tuftsin and its phagocytosis-stimulating effect. However, the concentrations of tuftsin which are active in vitro in the phagocytic process are comparable to the MICs for the bacterial strains. The maximal stimulation of phagocytosis by tuftsin in vitro was obtained at concentrations above 0.2 ,umol/ml (14) , and we found the MIC of tuftsin to be 62. 125 ,ug/ml (0.12 to 0.24 ,umol/ml). However, these concentrations exceed the average levels of tuftsin in the blood (255 ng/ml) of normal humans (3, 14) . It is difficult to draw meaningful conclusions about the mechanism of action of tuftsin against susceptible organisms. The degree of basic charge of the compound, as postulated above, did not correlate with its antibacterial properties. It is of interest to point out that analogs possessing a more basic charge than tuftsin are either inactive (ThrLys-Arg-Arg) or less active (Thr-Lys-His-Arg) than tuftsin, suggesting that, at least in this series, the basic charge is not a determinant of activity.
In this paper, we have presented an investigation of the antibacterial activities of tuftsin and its analogs that were modified in the 3 position of the peptide chain by amino acid residues other than L-proline. Only tuftsin showed substantial antibacterial activity, whereas all analogs were either less effective or lacked any activity. These results substantiate the fact that the presence of L-proline in the 3 position of the tuftsin chain is necessary for antibacterial activity. It is of interest to point out that L-proline in the 3 position of the peptide chain of tuftsin plays an important role in the stabilization of the biologically active conformation for this peptide (7, 17) .
